Introduction
Healthy volunteers supplemented their usual Western diets with Promega fish oil supplement (eicosapentaenoic acid [EPA] , 0.28 g; docosahexaenoic acid IDCHAI, 0.12 g, other n-3 fatty acids 0.10 g per capsule) using three protocols. Initial experiments (protocol 1 and 2) investigated the kinetics of incorporation of n-3 fatty acids into serum and neutrophil lipids after 10 capsules/d of Promega. EPA was rapidly detected in both serum and neutrophil lipids; the arachidonic acid (AA) to EPA ratio in neutrophil phospholipids showed a maximal reduction of 49:1 to 8:1 within 1 wk of beginning supplementation. EPA was preferentially incorporated into phosphatidylethanolamine and phosphatidylcholine but not phosphatidylinositol. Long-term supplementation for up to 7 wk did not influence the AA/EPA ratio or the distribution of EPA among neutrophil phospholipids in a manner that was not observed after the first week. Neutrophils produced similar quantities of platelet-activating factor and slightly lower quantities of leukotriene B4 during long-term supplementation when compared with presupplementation values. Experiments examining the influence of Promega dosage indicated that the AA/EPA ratio in neutrophil lipids decreased in a dose-dependent manner. Only when the dose was increased to 15 capsules/d was there a reduction in the AA/DCHA ratio in neutrophil lipids. The quantity of AA in neutrophil lipids remained relatively constant at all supplement doses. Taken together, the current study demonstrates the capacity of n-3 fatty acids provided with a Western diet to be rapidly incorporated into neutrophil lipids. However, dietary n-3 fatty acids appear not to significantly reduce arachidonate content within neutrophil phospholipids. Constant arachidonate levels may account for the lack of large reductions in the biosynthesis of lipid mediators by neutrophils after fish-oil supplementation. (J. Clin. Invest. 1993. 91:115-In the last 20 years, polyunsaturated fatty acids (n-3) prominent in marine fish oils have been suggested to attenuate the clinical manifestations ofcertain diseases. Much ofthe interest in this topic arose from epidemiological studies carried out in the 1 970s, which revealed an unusually low incidence ofcardiovascular disease in Greenland Eskimos (1) (2) (3) . This low incidence of cardiovascular disease was attributed to their abundant consumption of fish rich in n-3 fatty acids concomitant with lower ingestion of n-6 fatty acids and saturated fatty acids. Since these initial studies, n-3 fatty acids have been suggested to have beneficial' effects in a number of diseases thought to involve chronic inflammation, including arthritis and asthma (4-1 1 ).
The mechanism by which these n-3 fatty acids exert their effects in inflammation is not clear at this time. One hypothesis is that n-3 fatty acids abundant in fish oils, eicosapentaenoic acid (EPA)' and docosahexaenoic acid (DCHA), reduce the content of arachidonic acid (AA) within inflammatory cells. Studies conducted in humans and in various animal models have provided the basis for this hypothesis (12, 13) . It is thought that these n-3 fatty acids compete with AA for enzymes responsible for the esterification of fatty acids into cellular phospholipids (13) (14) (15) (16) (17) (18) (19) (20) . Once the content of arachidonate within cells is reduced, the cells have a decreased capacity to produce inflammatory mediators, such as eicosanoids and platelet-activating factor (PAF), thereby having a beneficial effect in inflammatory disorders. Alternative hypotheses revolve around the capacity of n-3 fatty acids to participate in enzymatic steps of eicosanoid biosynthesis previously thought to be selective for AA. For example, it has been suggested that n-3 fatty acid-containing phospholipids compete with arachidonate-containing phospholipids for phospholipase A2 (21, 22) . In addition, both EPA and DCHA have been demonstrated to be metabolized by the 5-lipoxygenase pathway in neutrophils to form leukotrienes (LTs) ofthe B series and their corresponding hydroxyacids (23) (24) (25) (26) (27) .
In light of an increased understanding of the biochemistry of n-3 fatty acids, many laboratories are supplementing the usual diets ofpatients suffering from various inflammatory disorders with fish oils and are examining the effects of these dietary supplements on disease activity (7-1 1 ) . Although some of these studies are yielding promising results regarding the efficacy of fish-oil diets, other studies report that they are without effect. An explanation for this growing controversy may stem from the lack of information in humans on the influence of n-3 fatty acids supplementing usual diets on the in vivo biochemistry ofcirculating inflammatory cells such as the neutrophil. For example, there are factors such as the kinetics of uptake of dietary n-3 acids, the dose of n-3 acids, the influence of n-3 fatty acids on arachidonate content, and the effect of incorporated n-3 acids on lipid-mediator production in individual blood components that are presently not well understood in the human. The lack of knowledge in these areas often make rational decisions on an appropriate diet impossible. The overall goal ofthis study was to examine each ofthese parameters in human neutrophils from volunteers supplementing their diets with various concentrations of n-3 fatty acids. The data presented in this study point out the large capacity of n-3 fatty acids, and EPA in particular, to be rapidly incorporated into neutrophil phospholipids in vivo. However, these data also put into question the capacity ofthese n-3 fatty acids provided with a usual Western diet to reduce arachidonate content or lipidmediator production in the human neutrophil. Isolation ofneutrophils. Neutrophils were isolated by dextran sedimentation followed by Ficoll-Paque density centrifugation as previously described (28) . The purity of neutrophils in this preparation was > 98% and the viability was > 95%. Neutrophils were suspended at a concentration of 5 x 106 cells/ml in HBSS without Ca++ and then divided into two l-ml aliquots. Methanol/chloroform (2:1, vol/vol) was added to each aliquot and the lipids were extracted by the method of Bligh and Dyer (29) . One of the aliquots was then split into duplicates containing the extract from 2.5 x 106 cells each. One duplicate was used to determine the mole quantities of AA, EPA, and DCHA in the neutrophil membrane lipids. The other was used to determine the phospholipid content in the neutrophil by a quantitative phosphorous assay (30) . The other aliquot was used for separation of phospholipid classes as described below.
Isolation ofserum lipids. Serum was collected from 2 ml of whole blood. Lipids were extracted from a 100-,ul aliquot of the serum by a modified method of Bligh and Dyer (29), in which a sufficient amount of formic acid was added to bring the pH of the aqueous layer to 3. A small portion (0.6%) of the lipids that were extracted from the serum was used to determine mole quantities of AA, EPA, and DCHA. Separation of phospholipid classes. Neutrophil phospholipid classes were separated using normal-phase HPLC. Lipid extracts were suspended in 200 ,l ofa normal-phase injection solvent ofhexane/isopropanol/water (4:5.5:0.3, vol/vol). The lipid extract was then loaded onto a silica column (Ultrasphere, 4.6 x 250 mm; Rainin Instrument Co. Inc., Woburn, MA) and eluted with hexane/isopropanol/ethanol/ phosphate buffer (pH 7.4)/acetic acid (490:367:100:30:0.6, vol/vol) for 5 min at a flow rate of 1 ml/min (31) . The amount of phosphate buffer in the eluting solvent was then increased to 5% over a 10-min period and this solvent composition was maintained until all the major phospholipid classes were eluted from the column. Appropriate peaks were collected on the basis of the elution times of phospholipid standards run in the same system. The isolated phospholipid classes (phosphatidylethanolamine [PE], phosphatidylinositol [PI], phosphatidylserine [PS], and phosphatidylcholine [PC]) were then analyzed for their AA, EPA, and DCHA content as described below.
Analysis offatty acid content within neutrophil phospholipids. Determination of mole quantities of AA, EPA, and DCHA was accomplished by GC/MS. Octadeuterioarachidonic acid (50 ng) as an internal standard was added to each lipid extract. Fatty acyl chains were then hydrolyzed from glycerolipids with 0.2 N KOH in ethanol/water (75:25, vol/vol) for 30 min at 60°C. After 30 min, an equal amount of water was added and the pH was adjusted to 3 with 6 N HCI. The free fatty acids were extracted from the reaction mixture with hexane/ether ( 1:1, vol/vol). A fatty acid-enriched fraction was then obtained from the extract by solid-phase extraction using a silica gel column. The silica columns were equilibrated with hexane and then samples were loaded in hexane. The columns were washed with hexane followed by hexane/ether (9:1, vol/vol). The fatty acids were then eluted from the column with hexane/ether ( 1: 1, vol/ vol) and converted to pentafluorobenzyl esters, using 20% pentafluorobenzyl bromide and 20% diisopropylethylamine in acetonitrile. The solvents were then removed from the sample with a stream of N2 and the sample was resuspended in hexane. GC/MS analysis was carried out on a TSQ-700 GC/MS/MS/ DS (Finnigan MAT, San Jose, CA) operated as a single-stage quadrupole. The gas chromatography was performed using a 30-m SPB-5 fused silica column (SPB-5; 0.25-mm i.d., 0.25-mm film thickness; Supelco Inc., Bellafonte, PA) threaded within < 1.5 cm of the mass spectrometer ion source. The initial column temperature was 195°C. The column was heated to 235°C at a rate of 40°C/min with subsequent increase in temperature to 267°C at a rate of 3.0°C/min. The column temperature was further increased to 287°C at a rate of 10°C/ min. The injector temperature was maintained at 260°C. Each injection was performed in the splitless mode. The splitless mode was maintained for 0.6 min followed by a split of the injector contents at a ratio of 50: 1. A volume of 1 ul of 500 gl of recovered material dissolved in hexane was injected. Helium maintained at a pressure field of 70 kPa (10 psi) was used as a carrier gas. The pentafluorobenzyl esters were analyzed using selected ion-recording techniques to monitor for AA (m/z 303), EPA (m/z 301), DCHA (m/z 327), and octadeuterioarachidonate (m/z 311) . A standard mixture of the aforementioned fatty acids was injected and analyzed by negative ion chemical ionization-GC/MS before each biological sample to obtain precise retention times.
Cell activation. Neutrophils were suspended at a concentration of 2.0 x I07 cells/ml in HBSS with Ca l-ml aliquots of the cells were challenged with or without A23187 (2 MM) at 37°C for 10 min. The incubations were terminated by lowering the pH of the reaction with 9% formic acid. PgB2 (250 ng) was added as an internal standard. Cells were immediately removed from supernatant fluids by centrifugation (225 g, 8 min, 5°C). The cell supernatant fluids were removed, were acidified with formic acid, and lipids were extracted (2X) with an equal volume of ethyl acetate. The supernatant fluid extract was then analyzed for LTs as described below. The lipids were extracted from the cell pellet by the method of Bligh and Dyer (29) for PAF determination as described below.
I-alkyl-2-acetyl-GPC(PAF) determination. l-O-hexadecyl-2-2H3-acetyl-GPC (40 ng) was added as an internal standard to the lipid extract of the cell pellet. Solvents were then removed under a stream of N2 and the lipids resuspended in chloroform. A PAF-enriched fraction was obtained from the extract by solid-phase extraction using a silica gel column. The silica columns were first washed with chloroform. The samples were then loaded onto the columns and the columns were washed successively with chloroform/methanol (3:1, vol/vol) and then with methanol. PAF was then eluted from the column with methanol /water (3: 1, vol / vol). Solvents were removed from the sample and the residue was treated with 500 MA1 of 49% hydrofluoric acid and 1 ml hexane with continuous shaking for 4 h at room temperature (32) . This procedure removed the phosphobase moiety of the molecule to form diglycerides. As the diglycerides were formed in the reaction mixtures, they were partitioned into the hexane (upper) phase. The hexane phase containing the diglycerides was then removed and transferred to a clean silanized glass vial. The hexane was removed under a stream of N2 and pentafluorobenzoyl esters were synthesized by adding 50 JAl of pentafluorobenzoyl esterification reagent (2 mg of 4-dimethylaminopyridine and 4 Ml of pentafluorobenzoyl chloride in 600 Ml of anhydrous methylene chloride) to the residue and heating at 60°C for 5 min. The pentafluorobenzoylglycerides were then analyzed on a TSQ-700 (Finnigan MAT) by selected ion-monitoring technique to record molecular anions at m/z 552, 580, and 578 for I-alkyl-2-acetyl-GPC containing 16:0 (hexadecyl), 18:0, and 18:1 carbon chain at the sn-l position, respectively, and m/z 555 for l-O-hexadecyl-2-2H3-acetyl GPC (33) . PAF and its analogs were resolved using a 30-m ASPB-5 fused silica column (0.25 mm i.d., 0.25-Mm film thickness) with helium as the carrier gas. The initial column temperature of 205°C was maintained for 1 min and then increased to 245°C at a rate of 40°C/ min. The temperature was then increased to 297°C at a rate of 2.0°C/min.
Chromatography and quantitation of LTs in the cell supernatant fluid. LTs were isolated from the ethyl acetate extraction mixture by reverse-phase HPLC. The extract was loaded onto an ODS column (Ultrasphere 2 x 250 mm; Beckman Instruments, Inc., San Ramon, CA) and eluted with methanol/water/phosphoric acid (55:45:0.02, vol/vol), pH 5.7, at 0.25 ml/min. After 5 min, the LTs were eluted from the column by increasing the methanol composition from 55 to 100% over 15 min. Mole quantities of LTB4, LTB5, and 20-OH-LTB4 were determined as a ratio to the internal standard PgB2 from the absorbance of ultraviolet peaks at 270 nm. Peaks were identified on the basis of the elution times of authentic LT standards run in the same system.
Calculations. AA, EPA, and DCHA content was calculated as a percentage of total fatty acids in the neutrophil phospholipids on the basis of the assumption that there are two fatty acids per molecule of phosphate in each phospholipid.
Results
Influence ofshort-term supplementation (protocol 1) on neutrophil and serum lipids. Initial studies were designed to examine the kinetics of incorporation of n-3 fatty acids (provided in vivo) into cellular phospholipids of the human neutrophil. In the first set of experiments, healthy males consumed 10 capsules of Promega for 12 d in addition to their regular diets. Neutrophils were collected before starting the supplementation, every 2 d after supplementation, and 4 and 8 d after supplementation was ceased. The data illustrated in Fig. 1 show the ratio of AA to EPA in serum and neutrophil lipids at each collection point. Ingested EPA was rapidly detected in serum lipids; for example, the AA/EPA ratio decreased The mole quantities of arachidonate were also measured in neutrophils collected at each day to determine whether the presence of EPA influenced arachidonate levels within cells. Because of the possibility for small inaccuracies in the day-to-day cell counts and the potential for differences in sample-to-sample extraction recoveries, the quantities of arachidonate were standardized to phosphorous content of phospholipids in each sample. Data shown in Fig. 1 B demonstrated that increasing the quantity of EPA in neutrophil lipids did not influence arachidonate levels at any time point tested. AA accounted for 5 to 6% of the total fatty acids (assuming two fatty acyl chains per phosphorous molecule) in the cell. The levels of EPA approached 1% of the total fatty acids in the latter days (days 6 to 12) of supplementation. In contrast to EPA, there was little measurable change in the DCHA levels within neutrophil lipids at the doses and time points tested in protocol 1. The changes in the ratio of AA to EPA in the major phospholipid classes were also measured before supplementation, and days 4 and 8 after supplementation. The ratio ofAA to EPA in PE and PC decreased from > 10:1 (before supplementation) to -4:1 at 8 d. By contrast, the AA/EPA ratio in PI did not drop below 10:1 at any day tested (data not shown).
Influence oflong-term supplementation (protocol 2) on neutrophil lipids. An important difference between the aforementioned experiment and most clinical studies in the literature was the length of time of the supplementation. Therefore, an important question that needed to be addressed was whether a long-term supplementation protocol would influence fatty acid ratios and distribution in a manner that was not observed at 12 d. A 7-wk supplementation study was undertaken to address this question. In this study, males supplemented their usual diet with 10 capsules/d of Promega for 7 wk. Blood was collected from these individuals before supplementation and 1, 3, 5, and 7 wk after supplementation. Fig. 2 shows the ratio of EPA to AA in the major phospholipid classes ofthe neutrophil. These data confirm that EPA was rapidly incorporated into neutrophil phospholipids of individuals taking the fish-oil con- Figure 3 . Influence of EPA on PAF and LTB4 biosynthesis. Neutrophils were collected from the same donors before and after Promega supplementation (protocol 2). Neutrophils were then stimulated and the quantities of PAF and LTB4 determined as described. The data are expressed as a percentage of the presupplementation values and are the mean±SE from four individuals.
centrate. The ratio of AA/EPA in PE and PC dropped from > 10:1 to < 5:1 after 1 wk and remained at these levels throughout the 7 wk. In agreement with the short-term study (protocol 1), the AA/EPA ratio in neutrophil PI decreased only slightly within the first weeks of fish-oil consumption. Furthermore, this long-term study indicated that the ratios of AA to EPA achieved during the first week were not significantly influenced by prolonging supplementation up to 7 wk.
It was clear from the previously described two supplementation studies that n-3 fatty acids provided in vivo have a large capacity to be incorporated into neutrophil phospholipids. The next experiment examined the capacity of the n-3 fatty acids to influence lipid-mediator production by the neutrophil. Neutrophils isolated from volunteers before and at 1, 3, 5, and 7 wk after supplementation were stimulated with ionophore A23 187 (2 ,uM) and lipoxygenase products and PAF were measured as described in Methods. Neutrophils isolated from volunteers produced similar quantities of PAF before and after supplementation (Fig. 3 ). There was a small (26%) but significant reduction in the quantity of LTB4 produced by neutrophils at 3 wk after supplementation. In contrast there was a threefold increase in the quantity of LTB5 produced by neutrophils isolated from volunteers at all time points after the beginning of supplementation. The quantity of LTB5 increased from 1.3 pmol/ 106 cells before supplementation to 4.5 pmol/ 106 cells after 7 wk of supplementation.
Influence of the dosage of dietary fish oils (protocol 3) on neutrophil lipids. On the basis of information obtained in the previous data, a third study was designed to examine the influence of the dosage of fish-oil concentrates on the levels of n-3 fatty acids and arachidonate in neutrophil lipids. In this protocol, volunteers were directed to consume 10 capsules (2. Figure 4 . Incorporation of EPA and DCHA into neutrophil lipids as a function ofthe dose of supplement. Neutrophils were collected from the same donors before and after Promega supplementation (protocol III). Fatty acid ratios were calculated as described in Fig. 1 . The data are expressed as mean±SE from four individuals.
EPA, 2.4 g ofDCHA, and 2.0 g ofother n-3 fatty acids)/d for 6 d. Neutrophils were obtained from each volunteer before starting the study, after each supplementation, and after each wash out period. Fig. 4 shows the AA/EPA and AA/DCHA ratios in neutrophils at each of these points. These data indicated that there was a dose-dependent decrease in the AA/EPA ratio in neutrophils from volunteers on the supplement. At 20 capsules/d, the EPA/AA ratio in neutrophil lipids reached 2.5:1. During each wash out period the AA/EPA ratio returned to > 20:1. In the previously described feeding protocols, the AA/ DCHA ratio had not consistently changed during supplementation. However, when the dose of fish oil was increased to 15 capsules/d, the DCHA/AA ratio reached a value of 16:1 and decreased further to 13:1 with the consumption of 20 capsules/d.
It was important to determine at high concentrations ofthe fish-oil supplement if the decrease in the AA/EPA ratio was due to an increase in the total content ofEPA or to a reduction in the quantity ofAA relative to EPA. Fig. 5 (top) illustrates the percentage of the total fatty acids represented by AA and EPA before and after the 20 capsule/d supplementation. The relative content of AA remained constant between 5 and 6% ofthe total fatty acids before and after supplementation. In contrast, the levels of EPA increased from 0.2% (before supplementation) to -2.0% (after supplementation) ofthe total fatty acids in the cell. The increase in EPA resulted in a significant expansion of the total AA + EPA pool within the cell from < 6 to > 7.0%. The production oflipid mediators was also analyzed in neutrophils isolated before and after the highest dosage (20 capsules) offish oil. It was reasoned that ifdietary fish oils have an influence on lipid-mediator production, the highest dosage might be the condition in which we would observe it. Fig. 5 (middle and bottom) illustrate the quantities of LTB4, LTB5, LTB4 + LTB5, and PAF synthesized by the neutrophil before supplementation and after 6 d of Promega (20 capsules/d). These data indicated that there was no difference in the quantity of LTB4 produced by neutrophils from volunteers before supplementation and after 20 capsules of Promega for 6 d. However, the quantity of LTB5 and LTB4 + LTB5 increased significantly after supplementation. PAF was also measured in the same neutrophil preparation used for LT analysis. Neutrophils isolated after supplementation (20 capsules/d) produced slightly higher quantities of PAF compared with cells obtained before supplementation.
Substantial evidence has been reported over the last few years that the consumption of n-3 fatty acid may have beneficial effects in a number of inflammatory diseases. Yet little is known about a number of important parameters such as the kinetic and dose dependency of uptake into blood cells of n-3 fatty acids provided in vivo. The present study was designed to examine these parameters in the neutrophil from humans who supplemented their usual diets with n-3 fatty acids. A novel finding ofthis study was that n-3 fatty acids are rapidly incorporated in the neutrophil phospholipids (within 2 d) and reach maximal levels within 1 wk ofdietary supplement. In addition, longer-term supplementation (up to 7 wk) at the same dosage did not alter the quantity ofn-3 fatty acids or the distribution of n-3 fatty acids in phospholipid classes. It is not clear at this time whether the neutrophil is unique in its capacity to incorporate n-3 fatty acid provided in vivo into complex lipids in such a rapid manner. For example, von Schacky and Weber (34) have shown that platelets do not incorporate appreciable amounts of EPA until 6 d after consumption. Together, this suggests that it may be possible to differentially incorporate n-3 fatty acid into one cell population such as the neutrophil and not into others. A second parameter that was examined in this study was the influence of the dose of n-3 fatty acid consumed by the volunteers on the content of n-3 fatty acids which appeared in the neutrophil. Data illustrated in Fig. 4 clearly demonstrate that the amount of EPA and DCHA found in neutrophil phospholipids increased as a function of the dose of n-3 fatty acids provided to the volunteer. The quantity of EPA in neutrophil lipids approached that of AA at doses of EPA of 5.6 g/d (20 capsules/d). The quantity of DCHA in neutrophil lipids did not significantly increase until the dosage of DCHA was increased to 1.8 g/d. These data suggest that EPA is more readily incorporated into neutrophil phospholipids compared with DCHA. Alternatively, the lack of measurable DCHA in membrane phospholipid may indicate that DCHA has been retroconverted to other fatty acids such as EPA (34). Taken together with the kinetic experiments, the data suggest that the neutrophil has the capacity to rapidly incorporate large quantities of n-3 fatty acids provided in vivo into complex lipids. This information may be important in clinical conditions where n-3 fatty acids have been shown to have beneficial effects and it is necessary to rapidly incorporate high levels of n-3 fatty acids into cellular phospholipids. These conditions include coronary revascularization procedures such as thrombolysis and bypass surgery (35, 36) . In addition, these data suggest that there may be more flexibility in the feeding strategies (often 4-8 wk) used to study clinical symptoms seen in various chronic inflammatory conditions such as arthritis and asthma. This may especially be the case when the neutrophil is the target cell.
Examination of the EPA/AA ratio in individual phospholipid classes revealed that n-3 fatty acids are preferentially incorporated into PC and PE with little EPA found in PI. Similar findings have been reported in platelets ( 13, 34) . The mechanism for the differential incorporation of n-3 fatty acids into neutrophil phospholipids is not understood at this time. It could involve enzymes responsible for the uptake offatty acids, such as acyl transferases or enzymes involved in fatty acid remodeling such as the CoA-independent transacylase. The significance of this differential incorporation is not clear at this time. It has been recognized for some time that different phospholipid classes have distinct roles in signal transduction and lipid-mediator production. The data presented here suggest that, if it is possible to regulate lipid-mediator biochemistry with n-3 fatty acids, this may be possible in PC and PE but not PI in peripheral blood neutrophils.
Dietary fish oils have been proposed to alter the inflammatory potential of cells such as the neutrophil by several mechanisms. In some studies it has been suggested that n-3 fatty acids compete with AA for enzymes responsible for the uptake into phospholipids. This competition would lead to a reduction in the quantity of arachidonate found within complex lipids ( 1 1, 14) . Data from the current study suggest that the quantity of arachidonate remains relatively stable during the time of supplementation at the doses of n-3 fatty acids employed in this study. In addition, it is clear from the present study that the quantity ofEPA in the cell does increase and therefore the total AA + EPA pool increases in size. The mechanism that regulates the pool sizes of these fatty acids in cellular lipids is not well understood. However, the expansion of polyunsaturated fatty acid pools within phospholipids appears to be the reason for the lack of reduction of arachidonate observed in the current study. Accordingly, it may be difficult to reduce arachidonate content in cells by merely adding dietary fish oils. The fact that no reduction in AA content was observed in this study with high doses of Promega fish-oil supplement differs from many studies in the literature with rats on menhaden oil. We found only small differences in the fatty acid composition of Promega and menhaden and therefore do not believe that there is a property unique to Promega that prevents AA depletion. A major difference between rat and human studies revolves around what is consumed by humans or rats in addition to fish oil. In many rat studies, one fat source is substituted for another. Boudreau and colleagues (37) recently demonstrated, in rats on menhaden oil, that the critical factor in reducing AA and eicosanoids is the ratio of n-3 to n-6 fatty acids and not the absolute amounts of n-3 fatty acids consumed. In general, the human volunteers in our studies also consumed diets high in n-6 fatty acids and this may account for the lack of reduction of AA. We are presently carrying out extensive studies in humans on low-fat diets with fish-oil supplement to test whether this will reduce AA levels.
Dietary fish oils have also been suggested to reduce the inflammatory potential of the neutrophil by reducing the quantity of lipid mediators (eicosanoids and PAF) that inflammatory cells produce. However, data from the current study suggest that PAF biosynthesis is not reduced in neutrophils from volunteers supplemented with n-3 fatty acids. These findings are in agreement with those reported by Pickett and colleagues (38) in rat neutrophils. There have been some discrepancies as to whether PAF biosynthesis is reduced during fish-oil supplementation (22, 38, 39) . The basis for these discrepancies is unclear at this time. It is possible that the alterations can be attributed to differences in stimulation protocols, cell types, or the enrichment strategies used in these studies. Alternatively, there are differences in the methodologies used to measure PAF in these studies (GC/MS vs. bioassay). The production of LTB4 was reduced by a small percentage in the current study. The modest inhibition observed in the current study with healthy volunteers is similar to that reported by Strasser and colleagues (25) and less than that seen in other investigations (40) . Taken together, our studies suggest that it may be difficult to induce large reductions in PAF or LTB4 by only increasing EPA levels within cellular phospholipids. This lack of reduction may be explained by biochemical studies that suggest the AA content within precursor phospholipids probably plays a more crucial role in the control oflipid-mediator biosynthesis than an increase in EPA and DCHA content in those phospholipids (22, 41, 42) .
Although lipid-mediator production was not attenuated to a large degree in neutrophils from volunteers on dietary fish oils, other mechanisms involving n-3 fatty acids could explain the improvement in clinical symptoms seen in some studies. For example, a number of studies indicate that neutrophils enriched with EPA have a reduced chemotactic and adherence responsiveness as well as a reduced capacity to produce reactive oxygen metabolites (39, 43, 44) . The mechanism by which n-3 fatty acids influence these biological effects still has to be elucidated. It may be that metabolites of n-3 fatty acids such as LTB5 may play an important role in inhibiting leukocyte function (45) . Alternatively, AA and n-3 fatty acids released upon cell activation may themselves be important cellular mediators. AA has recently been proposed to play an important role in signal transduction by regulating cytosolic calcium levels, phagocytosis, and G protein activation (46) (47) (48) . Additionally, it may be that the synthesis of lipid mediators from other cell types, such as the platelet, may be attenuated in individuals consuming fish-oil-enriched diets. This reduction may eventually be critical to the amelioration of clinical symptoms oW served in various studies. Future studies examining these hypotheses will be crucial in evaluating the efficacy of fish-oil diets as a treatment for inflammatory disease.
